Introduction
Hyperhomocysteinemia (hHcys) is a pathological condition characterized by an increase in plasma concentration of total homocysteine [1] [2] [3] [4] [5] [6] . Numerous clinical and epidemiological studies have demonstrated that hHcys is an independent risk factor for many diseases and pathological processes, including neurological, cardiovascular, and end stage renal diseases [7] [8] [9] . Recently we and others have demonstrated that hHcys initiates glomerular damage by inducing NADPH oxidase mediated local oxidative stress, ceramide production, podocyte injury and inhibition of extracellular matrix degradation contributing to the sclerotic process and eventually leading to the loss of kidney function [1, 2, 5, [10] [11] [12] [13] . In addition, we have also demonstrated that chronic elevations of plasma Hcys levels importantly contribute to the development of glomerular disease independent of hypertension in hHcys mice and rat models [13, 14] . Despite extensive studies, the early mechanisms triggering the pathogenic actions of hHcys are not fully understood.
the most fully characterized one in a variety of mammalian cells with high abundance in proteins, including a NOD-like receptor Nlrp3, an adaptor protein apoptosis-associated speck-like protein containing a caspase recruitment domain (ASC), and caspase-1 [18] [19] [20] [21] . Nlrp3 acts as the sensory component to recognize both endogenous and exogenous danger signals [22] [23] [24] , when ASC and caspase-1 are recruited to form a protein complex, where caspase-1 is activated. The active caspase-1 not only proteolytically cleaves IL-1 and/or IL-18 into their biologically active form, but also produces other deleterious molecules like in monocytes [25, 26] , and its abnormality was attributed to the development of several has recently been shown to prevent the development of hHcys-induced glomerular injury and podocyte injury [13] . However, it remains unknown whether Nlrp3 gene is critical for performed a series of experiments using Nlrp3 -/-and their wild type littermates on the normal chow or folate free diet to determine whether lack of Nlrp3 gene alters the formation during hHcys. Then, we locally silenced renal Nlrp3 gene using shRNA and observed the corresponding injury. Our results demonstrate that Nlrp3 gene is an essential component glomeruli from hHcys-induced injury Xia et al.
Cellular Physiology and Biochemistry

Materials and Methods
Animals
Eight weeks old male C57BL/6J WT, Nlrp3 -/-mice and their wild type littermates were used in the present study. To speed up the damaging effects of hHcys on glomeruli, all mice were uninephrectomized as we described previously [1, 2] . This model has been demonstrated to induce glomerular damage unrelated After a 1-week recovery period PA, USA) for 4 weeks to induce hHcys. In another series of C57BL/6J mice, Nlrp3 shRNA or a scrambled shRNA (Origen, Rockville, MD, USA) plasmid with a luciferase expression vector was co-transfected into the kidneys via intrarenal artery injection using the ultrasound microbubble system as we described previously [2, 13, 42] . After delivery of plasmids into the kidney, these uninephrectomized mice were maintained on Committee of the Virginia Commonwealth University.
High-performance liquid chromatography (HPLC) analysis
Plasma and renal tissue Hcys levels were measured by HPLC method as we described previously [1, 43, 44] . O C for 30 minutes to accomplish derivatization of thiols. HPLC was performed with a HP 1100 series equipped with a binary pump, a vacuum degasser, a thermo stated column compartment, and an auto sampler (Agilent Technologies, Waldbronn, Germany). Separation was carried out at an ambient temperature on an analytical column, Supelco LC-18-DB (1504.6 mm ID, 5 m) with a Supelcosil LC-18 guard column (204.6 mm eluted with 0.1 mol/L potassium dihydrogen phosphate buffer (pH 2.1) containing 6% acetonitrile (v/v) as Caspase-1 activity in glomeruli was measured by a commercially available colorimetric assay kit (Biovision, Mountain View, CA). IL-1 production in glomeruli was measured by a commercially available ELISA kit (R&D System, Minneapolis, MN), according to the manufacturer's instructions [11, 13, 40] .
Morphological examinations
acid-Schiff stain. Glomerular damage index (GDI) was calculated from 0 to 4 on the basis of the degree of glomerulosclerosis and mesangial matrix expansion as described previously [40, 42, 45] . In general, we counted 50 glomeruli in total in each kidney slice under microscope, when each glomerulus was graded level 0-4 damages. 0 represents no lesion, 1+ represents sclerosis of <25% of the glomerulus, while 2+, 3+, and 4+ represent sclerosis of 25% to 50%, >50% to 75%, and >75% of the glomerulus. A whole kidney average sclerosis index was obtained by averaging scores from counted glomeruli. This observation was examined by two independent investigators who were blinded to the treatment of the experimental groups [2, 11, 13, 42, 45] .
Urinary total protein and albumin excretion measurements:
The 24-hour urine samples were collected using metabolic cages and subjected to total protein and albumin excretion measurements, respectively [2, 42, 45, 46] . Total protein content in the urine was detected by Bradford method using a UV spectrophotometer. Urine albumin was detected using a commercially available albumin ELISA kit (Bethyl Laboratories, Montgomery, TX).
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Delivery of Nlrp3 shRNA into the kidneys by ultrasound-microbubble technique
Nlrp3 shRNA or a scrambled shRNA plasmid with a luciferase expression vector was used to cotransfect the kidneys via intrarenal artery injection using the ultrasound-microbubble system. These experiments were performed to test whether local silencing Nlrp3 gene expression in podocytes alters hHcys-induced glomerular injury. A full description of the procedures for the ultrasound-microbubble gene expression through somatic aqueous solution of luciferin (150 mg/kg) was injected intraperitoneally 5 minutes before imaging. The anesthetized mice were imaged using the IVIS200 in vivo molecular imaging system (Xenogen, Hopkinton, MA, USA). Photons emitted from luciferase-expressing cells within the animal body and transmitted through period of time ranging up to 5 minutes using the software program
Real-time reverse transcription polymerase chain reaction (RT-PCR)
Total RNA from isolated mouse renal tissue was extracted using TRIzol reagent (Invitrogen, measurement of optic absorbance at 260 nm and 280 nm in a spectrophotometer. The concentrations of RNA were calculated according to A260. Aliquots of total RNA (1 g) from each sample were reverse-transcribed 42]. The primers used in this study were synthesized by Operon (Huntsville, AL, USA) and the sequences were: for Nlrp3 sense TCACAACTCGCCCAAGGAGGAA, antisense AAGAGACCACGGCAGA-AGCTAG and for -actin sense TCGCTGCGCTGGTCGTC, antisense GGCCTCGTCACCCACATAGGA.
Nalp3
(1:200) and rabbit anti-Asc (1:50), or goat anti-Nalp3 (1:200) and mouse anti-caspase-1 (1:100).
staining was achieved by incubating with either Alexa-488 or Alexa-555-labeled secondary antibodies for 1 hour at room temperature. After washing, slides were mounted with a DAPI-containing mounting solution, previously described [13, 42] , images were analyzed by the Image Pro Plus 6.0 software (Media Cybernetics, Nlrp3 expression in glomeruli from mice receiving scrambled shRNA, but it had no effect on in mice receiving Nlrp3 shRNA. silencing in glomeruli of scrambled shRNA transfected mice. However, such colocalization was not observed in glomeruli of Nlrp3 shRNA transfected mice, suggesting the attenuation of urinary protein excretion was similar in both scrambled and Nlrp3 shRNA transfected mice fed a normal diet.
Discussion
The major goal of the present study is to determine the role Nlrp3 gene in the to the podocyte injury and glomerular injury/sclerosis in Nlrp3 +/+ glomerular injury. by pharmacological inhibition of caspase-1 attenuated the hHcys-induced glomerular injury [13] ; however, the role of NLRP3 gene in hHcys-induced glomerular injury/sclerosis has not +/+ and Nlrp3 -/-mice, which indicates a successful establishment of the hHcys and also suggests that Nlrp3 gene is not involved in the global metabolism of Hcys. The increased plasma Hcys colocalization of NLRP3 with ASC or NLRP3 with caspase in Nlrp3 +/+ mice. Using podocin as a podocyte marker, our confocal observations demonstrated that hHcys-induced In this study, we tested, whether NLRP3 gene is critically involved in the hHcys-induced glomerular injury. In accordance with -/-mice, urinary albumin excretion and +/+ mice on early mechanism responsible for glomerular injury in hHcys mice. In particular, activation protective action of NLRP3 gene in glomerular injury, we observed the changes in podocyte function in both Nlrp3 +/+ and Nlrp3 -/-mice, given that podocyte dysfunction or effacement is considered the initiating mechanism to produce glomerular injury or sclerosis, leading to proteinuria with possible progression to ESRD [36, 51] . The present study showed that +/+ mice, but not in mice lacking Nlrp3. While another podocyte injury marker, desmin was increased in hHcys Nlrp3 +/+ mice, which was abolished in Nlrp3 -/-mice. These results support the view to endogenous danger factors could be a target of therapeutic strategy for hHcys-induced glomerular injury and podocyte injury.
formation and glomerular injury, we locally modulated gene expression of Nlrp3 in mouse
To reach this goal, we combined an ultrasound technique and microbubble wrapping for introduction of plasmids into kidney. Several recent reports from our laboratory and by others have shown that the ultrasound-microbubble system is a very effective method to deliver plasmids into cells of different organs in vivo with a transfection rate over 90% [52] [53] [54] [55] . Combination of the ultrasound technique and microbubble wrapping for introduction of plasmids greatly enhances transgene expression with a 300-fold increase over naked DNA alone without toxicity [56, 57] . The present study using in vivo molecular imaging demonstrated that plasmids (Nlrp3 shRNA plasmids co-transfected with luciferase cDNA plasmid) were successfully delivered into the kidney and co-transfected luciferase expression persisted for up to 4 weeks. In such local Nlrp3 gene silenced kidney, we found that mRNA expression of Nlrp3, colocalization of Nalp3 with caspase-1 in mouse glomeruli and caspase gene in the kidney ameliorates proteinuria. These results from mice with local renal Nlrp3 gene silencing further support the conclusion above drawn from studies using Nlrp3 -/-mice
